Background: Some authors have assessed the utility of considering various risk factors in predicting bacteremia in young infants with urinary tract infection (UTI) in studies that included only febrile patients. Our aims were to determine whether fever was a predictor for bacteremia and to identify other associated risk factors. Methods: A retrospective study was conducted that included infants 29 to 90 days of age with UTI attended in the Pediatric Emergency Department from September 2006 through May 2013. UTI was defined as growth of ≥50,000 colony forming units/mL of a single pathogen from a catheterized specimen in association with an abnormal urinalysis. Patients without a blood culture were excluded. Univariate testing was used to identify clinical and laboratory factors associated with bacteremia. Receiver operating characteristic curves were constructed for the laboratory markers associated with bacteremia. Results: We analyzed 350 patients; 77 (22%) were afebrile. Ten had bacteremia (2.9%, 95% confidence interval: 1.6%-5.2%). No other adverse events were identified. No differences were found in bacteremia rates between febrile and afebrile patients (2.9% vs. 2.6%; P = 1.0). Risk factors detected for bacteremia were classified as not well-appearing (25.0% vs. 2.1%; P = 0.003) and a procalcitonin value ≥0.7 ng/mL (6.4% vs. 0.5%; P = 0.001). These low-risk criteria yielded a sensitivity of 88.9% for detecting bacteremia with a negative predictive value of 99.5%.
U rinary tract infection (UTI) is the most common serious bacterial infection in febrile children younger than 3 months, with reported rates ranging from 5% to 20% depending on different series. [1] [2] [3] [4] It is a common practice to initially hospitalize these patients with parenteral antibiotics, due to the perceived risk of progression to serious illness, mainly bacteremia. Several studies have assessed the clinical course of young febrile infants with UTI and have suggested that otherwise well-appearing infants generally have uncomplicated clinical course when treated with appropriate antibiotics, even those with concomitant bacteremia. [5] [6] [7] [8] [9] [10] According to these studies, in recent years, some authors have assessed the utility of various risk factors in predicting bacteremia and other adverse events in children aged 29 to 90 days with UTI, suggesting less aggressive management in those infants identified as very-low-risk patients. 11, 12 These studies have focused on febrile children; nonfebrile patients were excluded to avoid asymptomatic bacteriuria or because they were considered to be at low risk for complications. Nevertheless, clinical manifestations of UTI in very young infants are highly unspecific and fever may not be present in a significant proportion of them.
The aims of this study were to determine whether the presence of fever was a risk factor for bacteremia in infants aged 29 to 90 days with UTI and to identify other risk factors associated with bacteremia in these patients.
MATERIALS AND METHODS

Study Design and Setting
A retrospective, analytical observational study was performed at a tertiary-care pediatric hospital with 275 beds. It is a reference center for an area of 1.8 million inhabitants and has an average attendance rate of about 95,000 annual visits to the pediatric emergency department (PED).
Patient Identification and Inclusion Criteria
Medical records of infants aged 29 to 90 days attended in the PED between September 2006 and May 2013 with a discharged diagnosis of UTI (diagnostic code 599.0, according to the diagnostic codes issued by the Spanish Society of Paediatric Emergencies) 13 were reviewed. Children with positive urinalysis results in association with a positive urine culture in a urine specimen obtained by transurethral catheterization were included. Patients with no blood culture (BC) drawn were excluded. Data were drawn from the electronic database of the hospital. Positive urinalysis result is defined as any organism visualized on Gram stain by a microbiologist and positive urine culture by growth of ≥50,000 colony forming units/ mL of a single pathogen from a catheterized specimen.
Our PED algorithm for the management of infants aged 29 to 90 days who are suspected of having a UTI recommends performing a white blood cell (WBC) count, C-reactive protein (CRP), procalcitonin (PCT), and BC, with inpatient management using parenteral antibiotics. Lumbar puncture is performed on those infants with toxic appearance or laboratory data suggestive of systemic infection, at the discretion of the attending physician.
Data Collection
Using a previously designed questionnaire, we collected data on patient demographics, high-risk medical history [including prematurity (<37 weeks' gestation), previous UTIs, hospitalizations and antibiotic treatment, genitourinary abnormalities and history of a severe systemic disease (complex heart, chronic lung, metabolic and neurologic diseases)], presenting symptoms in the PED (including fever, defined as measured rectal temperature of ≥38°C or axillary temperature of ≥37.5°C in the PED or at home, irritability, vomiting, diarrhea, difficulty feeding, upper respiratory infection symptoms and failure to thrive), general appearance in the PED according to the Paediatric Assessment Triangle (PAT), acute concomitant disease diagnosed in the PED and PED disposition. PAT was the standard assessment tool for the general appearance of the patient throughout the study. We also obtained data regarding inpatient management and the patient's clinical course, and length of stay in hospital, as well as urine, blood and cerebrospinal fluid laboratory and microbiology results. The following were considered as adverse events secondary to UTI: bacteremia (positive BC with the same organism recovered from the urine), bacterial meningitis (culture of cerebrospinal fluid positive with the same organism recovered from the urine), renal, urethral or bladder abscess, need for surgical intervention, intensive care unit admission or transfer and death.
We analyzed bacteremia rates in relation to the following potential risk factors: age, high-risk medical history, fever, nonwell-appearing (abnormal PAT) at the PED examination, WBC count, peripheral blood absolute neutrophil count, peripheral blood band count, CRP and PCT. Except for fever and PCT value, we selected the same potential risk factors as Schnadower et al 11 and Velasco-Zuñiga et al 12 to compare the results.
Statistical Analysis
Data analysis was conducted using SPSS software v 20.0 for Windows (IBM Corp., Armonk, NY). Descriptive statistics were reported in terms of absolute frequencies or rates for categorical variables and in terms of median values with interquartile range (IQR: 25th percentile-75th percentile) for continuous variables. The Kolmogorov-Smirnov test was used for the data distribution study. Statistical comparisons were made using Pearson χ 2 test or Fisher exact test for categorical variables and Student t test or Mann-Whitney U test for continuous variables. The confidence interval (CI) was calculated at 95%. P values <0.05 were considered significant. The performance levels of those laboratory markers significantly associated with bacteremia were assessed with receiver operating characteristic curves analysis. Because our aim was to identify which patients were at very low risk of bacteremia, we assigned a relative cost of 40 to 1 for failure to identify a patient with bacteremia versus incorrect classification of a patient without bacteremia.
The study was approved by the Ethics Committee of the hospital. Because the data were drawn from registry, the information contained in it was anonymous, and as no intervention was performed on patients' informed consent was not requested.
RESULTS
During the study period, 402 patients aged 29 to 90 days attended in the PED had a discharge diagnosis of UTI; 363 (90.3%) of them met inclusion criteria. Thirteen (3.6%) infants with no BC drawn were excluded, with 350 patients finally included in the study (Fig. 1) . Demographic, clinical and laboratory characteristics of all included patients, as well as febrile and afebrile children, are detailed in Table ( Supplemental Digital Content 1, http://links.lww. com/INF/B700). Fever was present at home or in the PED in 273 (78.0%) infants, with a median duration at home of 10 hours (IQR: 4-24) and median maximum temperature of 38.5°C (IQR: 38-39). Among the 77 (22.0%) afebrile patients, the reasons for obtaining urine studies were irritability, feeding difficulties or vomiting; most patients presented a combination of these symptoms. All 77 patients except 1 remained afebrile during hospitalization. The proportion of nonfebrile children tended to be higher among patients aged 29 to 59 days than among those aged 60 to 90 days (25.8% vs. 17.9%; P = 0.09). The acute concomitant diseases diagnosed in the PED in 11 (3.1%) children were bronchiolitis (7 cases) and influenza (4 cases). The 3 patients discharged home from the PED were nonfebrile children aged nearly 3 months.
The most frequently isolated organism in the urine culture was Escherichia coli (87.1%). Ten patients had bacteremia (2.9%, 95% CI: 1.6%-5.2%). A lumbar puncture was performed in 19 (5.4%) infants; none of them had bacterial meningitis. Urine and blood microbiology findings are shown in Table ( a High-risk medical history was defined as genitourinary abnormalities, previous UTI, bacteremia, meningitis, previous laboratory evaluation for fever, prematurity (<37 weeks' gestation) or severe systemic disease (complex heart, chronic lung, metabolic or neurologic diseases).
OR, odds ratio.
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The 2 afebrile infants with bacteremia were 30 and 37 days old, respectively. They did not have a high-risk medical history and had a normal PAT in the PED. The reasons for performing urine studies in both were feeding difficulties and vomiting. No statistical differences were found in the other clinical risk factors analyzed. In relation to the laboratory markers analyzed, PCT was significantly higher in those patients with bacteremia with respect to those patients without bacteremia (9.2 vs. 0.3 ng/mL; P = 0.031); no other differences were found. The receiver operating characteristic curve showed an optimal PCT cutoff value of 0.7 ng/mL [odds ratio: 17.0 (95% CI: 2.1-140.2); sensitivity: 87.5%; specificity: 71.1%; positive predictive value: 8.3% and negative predictive value: 99.5%], with an area under the receiver operating characteristic curve of 0.82 (95% CI: 0.77-0.86), as a predictor of bacteremia. Based on these results, we designed a flow chart to determine the yield of BC according to these 2 characteristics (Fig. 1) . The rate of bacteremia in well-appearing infants with a PCT value <0.7 ng/mL was 0.5% (1/187). The use of these low-risk criteria yielded a sensitivity of 88.9% for detecting bacteremia with a negative predictive value of 99.5%. The patient with a positive BC classified as a low-risk bacteremia case was an afebrile infant 37 days old; his PCT value was 0.1 ng/mL, and the other laboratory markers were normal as well. Among the 338 patients with a normal PAT at the PED, infants in whom PCT was not performed had demographic and clinical characteristics similar to those of the group of patients undergoing PCT, except for the presence of fever; the rate of afebrile infants was higher among patients not undergoing PCT (47.2% vs. 16.2%; P < 0.01). There were no statistical differences in the rate of bacteremia between the 2 groups (1.4% vs. 2.3%; P = 1.0). No patient developed a renal, urethral or bladder abscess. One patient required surgical intervention; he was diagnosed with bowel subocclusion during hospitalization secondary to necrotizing enterocolitis suffered when he was a premature new born. No patient was admitted directly to intensive care unit; 1 patient with concomitant RSV bronchiolitis at admission was transferred to the intensive care unit for respiratory distress during hospitalization. Both patients had uneventful recoveries.
DISCUSSION
To the best of our knowledge, this is the first study analyzing the clinical course of very young infants with UTI including afebrile patients. Of note, nearly 25% of the included patients had no measured fever at home or at the PED. This rate was higher in children aged 29 to 59 days than in children aged 60 to 90 days. We hypothesize that these very young infants may not be considered a priori as low-risk patients for developing a serious illness, due to immature thermoregulation, as is the case in neonates. 15 In our series, 2.9% of patients had bacteremia; previous studies estimated the range from 2% to 21%, depending on the age group studied and the study design. 2, 7, 8, 11, 12, 16 According to the studies by Schnadower et al 11 and Velasco-Zuñiga et al, 12 rates of bacteremia were significantly higher in those patients not well-appearing on the PED examination. Noteworthy, in our series, no differences were found in bacteremia rates between febrile and afebrile patients. The 2 afebrile patients in our study with a positive BC were very young (30 and 37 days old, respectively) infants, close to neonates. According to this finding, we believe that afebrile young infants with UTI, especially those younger than 60 days, should not be considered as low-risk patients for bacteremia. However, this result has to be interpreted with caution because of the small number of afebrile patients included. Taking into consideration the significant proportion of young children with UTI who were afebrile in our sample, a multicenter prospective study with a large sample is required to assess whether the presence of fever is a clinical predictor for bacteremia in these patients.
As in previous studies, 1, 17 we found a higher prevalence of bacteremia among children aged 29 to 59 days with respect to children aged 60 to 90 days, although the difference was not statistically significant. Related to this, authoritative voices such as the American Academy of Pediatrics, in its guidelines, 18 and the Italian Society of Paediatric Nephrology 19 recommend outpatient management with oral antibiotics for children older than 2 months unless the child seems toxic, dehydrated, incapable of oral intake or suspected of having genitourinary abnormalities. A large sample is needed in our area to avoid obtaining a BC systematically in infants aged 60 to 90 days with UTI.
In our study, PCT was a good predictor of bacteremia, with an optimal cutoff value of 0.7 ng/mL. No differences were found in the mean values of the other laboratory markers analyzed between patients with and without bacteremia. To our knowledge, this is the first study analyzing the value of PCT to predict bacteremia in young children with UTI. In a recent study by Velasco-Zuñiga et al, 12 assessing the utility of various a priori risk factors for adverse events in 140 febrile infants aged 30 to 90 days, CRP was highly predictive of adverse events. Although an optimal cutoff value for CRP was not established, those patients with a good appearance and a predefined CRP value less than <40 mg/L had a very small probability of bacteremia (1.6%) compared with those patients with a CRP value higher than 40 mg/L (12.8%). Forty percentage of the febrile patients included in our study consulted at the PED in the first 6 hours of fever, when CRP has a moderate response, which may explain why no statistical differences were found in CRP values between bacteremic and non-bacteremic patients. Several studies evaluating the diagnostic value of different markers in predicting serious bacterial infection in young febrile infants support this result, with PCT performing better than CRP in identifying patients with invasive bacterial infections. The figure is even higher in infants with fever of recent onset. [20] [21] [22] [23] According to our results, the bacteremia rate in young infants with UTI is related to general appearance and PCT value. These 2 factors can help identify infants at increased risk of having bacteremia. The patient with a positive BC misclassified as low risk had a PCT value of 0.1 ng/mL, so reducing the PCT cutoff point to 0.5 ng/mL, the most widely used cutoff value to identify serious bacterial infection among young febrile children, or even down to 0.12 ng/mL as suggested by Maniaci et al, 24 would not improve its accuracy and would substantially decrease its specificity.
No other adverse events secondary to UTI were found. This uneventful clinical course in otherwise well-appearing young infants with UTI is consistent with previous small studies. [5] [6] [7] [8] 25, 26 In a multicenter retrospective review of 1895 infants 29 to 60 days old with febrile UTI, adverse events other than bacteremia occurred in 2.8% of cases. However, most of these patients were clinically ill or had an acute concomitant disease diagnosed in the PED. 11 The study has several limitations. Its retrospective design introduced a selection bias that reduced the number of patients included. Less than 4% of the infants were excluded because BC was not performed. In addition, PCT was not measured in approximately 21% of the included patients, especially afebrile patients. Nevertheless, there were no differences in bacteremia rates between children with and without PCT, so conclusions regarding the accuracy of PCT for bacteremia identification were not affected. Otherwise, the small number of patients with bacteremia highlights the need to perform a larger multicenter prospective study to validate our findings.
We concluded that fever was not a predicting factor for bacteremia in very young children with an UTI, so the management
